The present work measured circulating antibodies against native gliadins, deamidated gliadin-derived epitopes, and transglutaminase 2 (TGM2) in 473 patients with schizophrenia and 478 control subjects among a Chinese population. The results showed that 27.1% of patients with schizophrenia were positive for the IgA antibody against native gliadins compared with 17.8% of control subjects (x 2 5 11.52, P 5 .0007, OR 5 1.72, 95% CI 1.25-2.35), although this significant difference appeared to be due mainly to low IgA gliadin antibody levels in female controls. A total of 27.6% of female patients were positive for IgA gliadin antibodies compared with 13.9% of female controls (x 2 5 10.46, P 5 .0012, OR 5 2.36, 95% CI 1.39-4.01), and 26.4% of male patients were positive for IgA antibodies compared with 19.8% of male controls (x 2 5 3.26, P 5 .071, OR 5 1.46, 95% CI 0.97-2.19). Of 128 patients who were positive for the IgA antibody against native gliadins, 8 were positive for the IgA antibody against deamidated gliadin epitopes and 1 was positive for IgA anti-TGM2 antibody. However, quantitative analysis demonstrated that the mean levels of IgA antibodies against deamidated gliadin epitopes and TGM2 were significantly lower in patients with schizophrenia than the control subjects (P < .001 and P 5 .008, respectively). The prevalence of IgG antibodies against native gliadins was not significantly different between the patient group and the control group (x 2 5 2.25, P 5 .134, OR 5 1.32, 95% CI 0.92-1.88). This study suggests that specific gliadin-derived epitopes may be involved in schizophrenia.
The present work measured circulating antibodies against native gliadins, deamidated gliadin-derived epitopes, and transglutaminase 2 (TGM2) in 473 patients with schizophrenia and 478 control subjects among a Chinese population. The results showed that 27.1% of patients with schizophrenia were positive for the IgA antibody against native gliadins compared with 17.8% of control subjects (x 2 5 11.52, P 5 .0007, OR 5 1.72, 95% CI 1.25-2.35), although this significant difference appeared to be due mainly to low IgA gliadin antibody levels in female controls. A total of 27.6% of female patients were positive for IgA gliadin antibodies compared with 13.9% of female controls (x 2 5 10.46, P 5 .0012, OR 5 2.36, 95% CI 1.39-4.01), and 26.4% of male patients were positive for IgA antibodies compared with 19.8% of male controls (x 2 5 3.26, P 5 .071, OR 5 1.46, 95% CI 0.97-2.19). Of 128 patients who were positive for the IgA antibody against native gliadins, 8 were positive for the IgA antibody against deamidated gliadin epitopes and 1 was positive for IgA anti-TGM2 antibody. However, quantitative analysis demonstrated that the mean levels of IgA antibodies against deamidated gliadin epitopes and TGM2 were significantly lower in patients with schizophrenia than the control subjects (P < .001 and P 5 .008, respectively). The prevalence of IgG antibodies against native gliadins was not significantly different between the patient group and the control group (xIntroduction Gluten is a protein from wheat, rye, and barley. Wheat gluten comprises two main components: gliadin and glutenin. Gliadin is thought as the principal toxic component for coeliac disease. Biochemical studies revealed that gliadin proteins contain some peptide sequences strongly resistant to digestive enzymes in the gut. 1 The undigested gliadin fragments will enter the body when gut permeability is increased by stress, infection, toxic chemicals, and other physical factors. The immune system will then be triggered to produce antibodies against the gliadin fragments. Antibodies can also be generated against tissue transglutaminase, also named transglutaminase 2 (TGM2) that has a high affinity for gliadins and can then modify gliadin fragments by deamidation and transamidation. While the mechanism of anti-TGM2 antibody production has not been proven, it is proposed that transamidation can result in cross-linking between gliadin fragments and TGM2, leading to creation of autoantigens for secretion of TGM2 antibody. 2, 3 The anti-TGM2 antibody is a hallmark of coeliac disease. 4 Apart from coeliac disease, many other conditions have been suggested to be associated with gluten ingestion, so-called gluten-associated diseases, including type-1 diabetes, schizophrenia, autism, and a wide range of neurological diseases. 5 Graff and Handford 6 were the first to report on high risk of schizophrenia in patients with coeliac disease. Clinical and immunological studies gave further evidence in support of the gluten hypothesis of schizophrenia. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] A question is why gliadin-derived epitopes are involved in different diseases? A couple of recent studies suggest that gluten-derived epitopes for schizophrenia may be different from those for coeliac disease. 17, 18 Samaroo et al 18 have carried out a pilot study in 17 schizophrenia patients who were positive for the antibodies against native gliadins (a complex mixture of up to 100 homologous proteins) and revealed that these 17 patients were all negative for IgA antibodies against a deamidated form of gluten-derived epitopes, which was developed to specifically detect circulating antigliadin antibodies in coeliac disease. 19 Dickerson et al 17 also found that while the prevalence of antigliadin antibodies was significantly higher in patients with schizophrenia than the control subjects, there was no significant difference in the prevalence of antibodies against deamidated gliadin-derived epitopes between the patient group and the control group. However, all the studies reported to date were performed in American populations (Caucasian and African American), although we have published a meeting abstract with a preliminary result from a study in a Chinese population. 15 The present study, therefore, reported in more detail on whether gluten-derived epitopes for schizophrenia are different from those for coeliac disease in a Han Chinese population.
Methods
This study was approved by an Ethics Committee of Jilin University, Changchun, China, with all subjects giving written informed consent. A total of 473 patients with schizophrenia, aged 38.9 6 12.5 years, were recruited, and they were diagnosed as having schizophrenia independently by two consultant psychiatrists using the Tenth Revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10). 20 These patients had been ill for at least a year at the time of sampling, and they all were on neuroleptic medication. Inclusion into the study was restricted to those with a diagnosis of schizophrenia only. We also recruited 478 healthy subjects, aged 39.4 613.0 years, as controls from local communities. Neither the patients with schizophrenia nor the control subjects had a history of coeliac disease, type-1 diabetes, and other clinically diagnosed autoimmune diseases. Those who were on wheat-free diets were excluded.
A 5-ml blood sample was drawn from each subject and plasma was separated by centrifugation for antibody assay. The enzyme-linked immunosorbent assay (ELISA) test kits for IgA antibodies to native gliadins, deamidated gliadinderived epitopes (gliadin-related GAF-3X peptides), and TGM2 were purchased from EUROIMMUN (Beijing, China). Plasma samples were initially measured with native gliadin ELISA antibody kit. The subjects who were positive for native gliadin antibodies had further tests with anti-GAF-3X and anti-TGM2 ELISA antibody test kits. The antibody assay was performed as per the supplied instructions, and plasma antibody levels were expressed as relative units (RU/ml). As recommended by the manufacturer for the subjects aged over 4 years, <25 RU/ml and <20 RU/ml were used as the cutoff values of negative levels for antigliadin and anti-TGM2 antibodies, respectively. While most studies reported to date have mainly focused on detecting IgA antibodies in schizophrenia, 13, 15, 16 we also tested IgG antibodies to native gliadins with the ELISA test kits from EUROIMMUN in this study. The cutoff value of negative levels for IgG gliadin antibodies was the same as for IgA gliadin antibodies.
The software SPSS for Windows 14.0 was applied to perform the chi-square (v 2 ) test in order to test the difference in the prevalence of gliadin antibodies between the patient group and the control group, with calculation of OR and 95% CI. To compare the difference in quantitative levels of gliadin antibodies between the two groups, the individual concentrations of antibodies were converted into logarithmic values and then analyzed by the Student's t test with SPSS for Windows 14.0. All the antibody concentrations of <1 RU/ml were treated as a logarithmic value of ''0.'' Cohen's standard difference (d) and 95% CI were calculated using the software SPSS SamplePower 2.0.
Results
The prevalence of IgA native gliadin antibodies was significantly higher in patients with schizophrenia than in control subjects (v 2 = 11.52, P = .0007, OR = 1.72, 95% CI 1.25-2.35). As shown in table 1, 27.1% of patients were positive for IgA gliadin antibodies compared with 17.8% of control subjects. This significant difference appeared to be due mainly to a low IgA gliadin antibody level in female controls. A total of 27.6% of female patients were positive for IgA gliadin antibodies 19 ). Quantitative analysis further confirmed that the mean levels of the IgA antibody against native gliadins were significantly higher in patients with schizophrenia than the control subjects (t = 3.399, df = 932, P = .001, d = 0.223, 95% CI 0.094-0.351) and that female patients mainly contributed to the increased antibody levels (table 2) .
Of those who were positive for the IgA antibody against native gliadins, 6.25% of patients (8/128) were positive for the IgA antibody against deamidated gliadin epitopes compared with 12.2% of control subjects (10/82) and 0.8% of patients (1/128) were positive for the IgA antibody against TGM2 compared with 1.2% of control subjects (1/82). Although the prevalence of IgA antibodies against deamidated gliadin epitopes and TGM2 did not show a significant difference between the patient group and the control group, as shown in table 3, the mean levels of IgA antibodies against them were significantly lower in patients with schizophrenia than in the control subjects (t = À3.871, df = 208, P < .001 for deamidated gliadin epitopes and t = À2.692, df = 208, P = 0.008 for TGM2, respectively).
The prevalence of plasma IgG antibodies against native gliadins did not show significant differences between the patient group and the control group (table 4). Only 17.9% of patients with schizophrenia were positive for IgG gliadin antibodies compared with 14.2% of control subjects (v 2 = 2.25, P = .134, OR = 1.32, 95% CI 0.92-1.88). Quantitative analysis also failed to show a difference in IgG gliadin antibody levels between the patient group and the control group (table 5) .
Discussion
The present study provides further evidence in support of the hypothesis that gluten consumption may be an environmental factor for a subgroup of schizophrenia. It is worth noting that the prevalence of circulating IgA gliadin antibodies was significantly higher in female patients but only marginally higher in male patients than control subjects (table 1). Cascella et al 16 also showed a gender difference in the prevalence of plasma IgA gliadin antibodies, in which the IgA antibody level was slightly higher in female patients than in male patients, although this difference did not achieve a statistical significance. Possibly, the gender differences in gliadin antibody secretion reflect etiological heterogeneity of schizophrenia, which may lead to clinical heterogeneity of the illness. Gender-specific clinical presentation has been documented for many years. Men with schizophrenia exhibit an early age of onset, poor premorbid functioning, severe negative symptoms, differential neuron cognitive functioning, reduced emotion perception, and a poor response to neuroleptic medication as well as differential structural and functional brain abnormalities. [21] [22] [23] [24] [25] In contrast to men, the progress of schizophrenia in women shows more positive and affective symptoms, lower levels of disability, better premorbid functioning, and superior integration into the community. 25, 26 It will be important to investigate whether the gluten-derived epitopes are a sexspecific environmental factor for schizophrenia.
In addition, the baseline of circulating antigliadin antibody levels appears to differ between the Chinese population and the other populations. 7, 16 This may be the major reason why the IgA gliadin antibody shows a smaller effect size in the Chinese population, although a significant difference in the antibody levels was observed between the patient group and the control group (tables 1 and 2). Dickerson et al 17 reported on an increase in IgG gliadin antibody levels in patients with schizophrenia in the American population, but we failed to replicate the IgG finding in the Chinese population (tables 4 and 5). Ethnic background may be a confounding effect on the prevalence of antigliadin antibodies.
The GAF-3X ELISA antibody kit has been developed to specifically detect the antibodies against deamidated gliadin epitopes, and approximately 90% of patients with coeliac disease were positive. 19 In this study, we found that only 6.25% of patients who were positive for IgA native gliadin antibodies were positive for the IgA antibody against deamidated gliadin epitopes; we also found that <1% patients who were positive for IgA native gliadin antibodies were positive for the IgA antibody against TGM2. Quantitative analysis showed that the mean levels of IgA antibodies against deamidated gliadin epitopes and TGM2 were significantly lower in the patient group than in the control group (table 3) . These results suggest that schizophrenia may involve a distinct immunological mechanism by which gliadin-derived epitopes trigger production of their specific antibodies in comparison with coeliac disease. The results from other studies also support this possibility, although Cascella et al 16 found that 5.4% of schizophrenia patients had moderate to high levels of IgA TGM2 antibodies compared with 0.8% of the healthy subjects; however, these authors did not compare the difference in quantitative levels of plasma anti-TGM2 antibodies between the patient group and the control group. Dickerson et al 17 have recently performed quantitative analysis of IgA and IgG antibodies against TGM2 in an American population and found that only anti-TGM2 IgG antibody levels were significantly higher in patients with recent-onset psychosis than those with multiepisode schizophrenia and nonpsychiatric controls. Moreover, increased levels of antibodies against deamidated gliadin-derived epitopes and TGM2 in the healthy population also suggest that the Chinese population may be more sensitive to wheat gluten than other populations. Large-scale screening of antigliadin antibodies in the Chinese population may be very useful to confirm the difference in gluten sensitivity between subpopulations.
Gliadin is a superfamily with hundreds of homologous sequences, including a-/b-gliadins, c-gliadins, and x-gliadins. The most toxic fragment of gliadin for coeliac disease is a 33-mer peptide derived from a2-gliadin, which contains several overlapping human leukocyte antigen (HLA)-DQ2 restricted T-cell epitopes. 1 The HLA alleles encoding HLA-DQ2 molecules that mainly present deamidated gluten-derived antigens, such as HLA-DQ2.5, confer a genetic risk of coeliac disease and >90% of patients with coeliac disease carry the HLA-DQ2 alleles. 4 A genome-wide association study has recently confirmed that the HLA-DQA*0501 and HLA-DQB*0201 alleles, which encode HLA-DQ2.5 molecules, are negatively associated with schizophrenia. 27 It is unlikely that HLA-DQ2.5 molecules mediate the generation of gluten antibodies in schizophrenia. While coeliac disease and schizophrenia immunologically overlap one another, these two conditions may be developed through different immunogenetic pathways. The value is logarithmic in IgG RU/ml (Mean 6 SD). Further investigation is needed to identify which glutenderived epitope is specifically involved in schizophrenia by acting on a certain HLA-DQ variant.
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